ABSTRACT BACKGROUND: Abiraterone acetate, an androgen biosynthesis inhibitor, received FDA approval in 2011 for metastatic castration-resistant prostate cancer (mCRPC) patients who have received prior chemotherapy containing docetaxel.
Budgetary Impact on a U.S. Health Plan Adopting Abiraterone Acetate Plus Prednisone for the Treatment of Patients with Metastatic Castration-Resistant Prostate Cancer

■■ Methods
This BIM was developed in accordance with the 2010 Academy of Managed Care Pharmacy (AMCP) evidence requirements for formulary submission 15 and consideration for the principles of good practice for budgetary impact analysis from the International Society for Pharmacoeconomics and Outcomes Research (ISPOR) Task Force on Good Research Practices. 14 The model estimates the incremental budgetary impact of adopting abiraterone in combination with prednisone as a treatment option for patients who have been diagnosed with mCRPC and have received chemotherapy containing docetaxel. The model combines epidemiological data, market research simulation assumptions, expert opinion, and drug and toxicity costs. Treatments approved for post-docetaxelcontaining chemotherapy are considered in the model. These treatment options include cabazitaxel + prednisone, mitoxantrone + prednisone, docetaxel (retreatment) + prednisone, and prednisone monotherapy. The model does not include treatment-monitoring costs.
Perspective and Time Horizon
The budget impact of abiraterone uptake is estimated from 2 perspectives: (1) a commercial payer with no Medicare beneficiaries, and (2) a commercial payer with a subset of Medicare beneficiaries. The BIM considers costs on an annual basis for 3 different market share scenario assumptions that account for increased uptake of abiraterone over time. An average budget impact of the 3 scenarios is also considered. The percentage of prostate cancer patients who are Medicare beneficiaries is 57%, estimated from an analysis of a large employer database. 16 
Population Estimates
The BIM considers a hypothetical health plan size of 1,000,000 members. It is assumed that 49.2% 17 of members are male, consistent with the proportion of adult men in the general U.S. population in 2009. While the total health plan size is assumed, this assumption does not affect the summary outcomes of the model cost per member per month (PMPM).
The model calculates the number of mCRPC patients who have received chemotherapy containing docetaxel and who are treated with a second-line agent through a step-wise process based on a dynamic progression model. 3 First, the total number of patients with prostate cancer at any stage was calculated by multiplying the age-adjusted rate (0.14%) 3, 18 of newly diagnosed prostate cancer by the male plan population of 492,000. Second, the percentage of all prostate cancer cases that progress to mCRPC and that have received prior chemotherapy containing docetaxel (9%) 3, 8, [19] [20] [21] [22] was applied to the health plan's prostate cancer population to estimate the final eligible post-docetaxel chemotherapy mCRPC population. The final population of eligible patients per year was estimated to be 57 in a 1,000,000-member health plan. The model assumes that the size and epidemiological makeup of the eligible model population remains constant for the 3 different scenarios and P rostate cancer is the most common nonskin cancer found in American men. In 2010, approximately 32,000 deaths were attributed to prostate cancer. 1 In the United States, prostate cancer-related expenditures from the year 2006 ($9.9 billion), inflated to 2012 U.S. dollars, approached $11.9 billion, making prostate cancer the fifth most costly cancer. In the same reference year, higher expenditures were attributed only to female breast cancer, colorectal cancer, lung cancer, and lymphoma. 2 Although prostate cancer is prevalent, only a small percentage of all prostate cancer patients progress to metastatic castration-resistant prostate cancer (mCRPC) and even fewer advance to treatment with first-or second-line chemotherapy regimens. 3 More than 90% of advanced prostate cancer patients have bone metastases, and 57% have metastasis to soft tissue. 4 Nearly all metastatic prostate cancer ultimately becomes castration resistant-usually within 13-21 months from initiation of hormonal therapy among untreated patients [5] [6] [7] -at which point very few treatments have demonstrated an impact on patient survival.
mCRPC is defined by the occurrence of disease progression typically with associated rising serum prostate-specific antigen (PSA) levels despite surgical or medical castration. In mCRPC patients who are candidates for chemotherapy, docetaxel is the only first-line chemotherapeutic option for symptomatic mCRPC that provides an overall survival benefit with dosing every 3 weeks (median survival = 19 months). 8 After docetaxel failure, 2 recently approved second-line therapies provide an overall survival benefit-cabazitaxel (2.4-month survival benefit over mitoxantrone + prednisone) 9, 10 and abiraterone acetate (3.9-to 4.6-month survival benefit over placebo + prednisone). [11] [12] [13] Cabazitaxel is a cytotoxic chemotherapeutic agent that has been associated with significant myelosuppressive adverse events, 9 while abiraterone acetate is a novel oral androgen biosynthesis inhibitor that inhibits CYP17A and blocks steroid biosynthesis in the adrenal gland, the testes, and within the prostate tumor. Abiraterone acetate has been shown to be well tolerated and without the toxicity of chemotherapy. 12 Given the significant annual cost of treating prostate cancer in the United States, health plan budget holders must be cognizant of the financial impact of new treatments. The use of a budget impact model (BIM) is helpful in this regard, as BIMs improve the understanding of how the introduction of one such treatment, in this case abiraterone acetate, impacts the health plan budget from a U.S. third-party payer perspective. National regulatory agencies throughout the world and managed care organizations in the United States recognize the importance of budget impact analysis in a comprehensive economic assessment of new health care interventions and several require that companies submit BIMs in addition to cost-effectiveness estimates.
14 This study presents an analysis of the budgetary impact of including abiraterone acetate as a treatment for mCRPC patients who have failed docetaxel.
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for the 2 payer populations. Given that a commercial payer with a subset of Medicare beneficiaries could have a somewhat older patient population and the number of mCRPC cancers is higher for older age groups, 23 the model may underestimate the number of mCRPC cases in plans with Medicare beneficiaries and overestimate the number of cases in a commercial-only plan. Sensitivity analyses were conducted on these estimates.
Model Inputs and Assumptions
Market Share. Market shares for the comparator treatments considered in the model were estimated based on simulation of market research data including treatment analogs ( Table 1) . The market share estimates were computed prior to abiraterone launch, and these inputs were used for illustrative purposes only. Abiraterone market share was assumed to increase over each of the 3 annual market share scenarios, with the share of all other comparator drugs decreasing in proportion to their respective share in the pre-abiraterone scenario. The market share scenarios presented are not intended to represent comparisons between alternative prostate cancer treatments. Additionally, combination use of the listed agents is not considered, with the exception of prednisone.
Clinical Inputs. The model allows for consideration of clinical inputs such as treatment duration, dosing regimens, and frequency of toxicities.
Patients with mCRPC typically discontinue treatment due to disease progression, occurrence of severe toxicity, or because a given drug has a maximum recommended cumulative dose or number of treatment cycles. Consequently, for the purpose of the model, drug costs were applied over a specified treatment duration. The modeled treatment duration is defined as the median treatment duration reported in clinical trials for each treatment. Because prednisone has palliative effects, its use is recommended indefinitely, even after discontinuation of other prostate cancer therapies considered in this model. Due to the annual calculation metric, the model uses a 12-month treatment duration for prednisone. For simplicity, dose reductions were not considered. Dosing regimens for the various drugs were based upon prescribing information for each drug included in the model. In the case of chemotherapeutic agents, standard dosing regimens and frequencies from the literature were used and converted to cycles of 3 weeks where appropriate. Drug doses based on body surface area were calculated for a male with a 2.02-squaremeter (m 2 ) surface area. 24 The model inputs for abiraterone dosing were 1,000 milligrams (mg) administered orally once daily for 8 months. 11 For cabazitaxel, the model assumptions specify 25 mg/m 2 administered via intravenous (IV) infusion every 3 weeks for 6 cycles (in total, 4.1 months). 9 For mitoxantrone, 12 mg/m 2 are administered via IV infusion every 3 weeks for 4 cycles (in total, 2.8 months). 9 Retreatment with docetaxel is given at a dose of 75 mg/m 2 via IV infusion every 3 weeks for 9.5 cycles (in total, 6.6 months). 8 It is assumed that median treatment duration of docetaxel retreatment is identical to that of first-line docetaxel. Prednisone is dosed at 5 mg orally 11 twice daily for 12 months.
Each treatment considered in the model has a unique safety profile with cost implications to payers (Table 2) . Therefore, the cost of treating toxicities was considered in this model. Toxicities for those events that had the greatest difference in frequency between treatments were evaluated. This method of comparison reflects the incremental financial impact to payers when a new therapy is adopted. Only grade 3 and grade 4 toxicities were considered, as these have the greatest impact on cost. Sources of toxicity frequency include clinical trial publications and manufacturer prescribing information.
Drug Costs. The drug costs were calculated using costing methods reported in AMCP's Guide to Pharmaceutical Payment Methods (Table 3) with the intent to mimic current payer practices for reimbursement. 25 Costs of oral drugs were calculated as average wholesale price (AWP) less 13%. Costs of IV drugs were calculated as average sales price (ASP) plus 10% from the commercial perspective and plus 6% from the Medicare perspective. Drug wastage, defined as disposal rather than reuse of a vial that is partially used, was considered for cabazitaxel and docetaxel because the labels specify single use 26 A vial size of 60 mg was considered for cabazitaxel, a size of 20 mg for mitoxantrone, and a size of 160 mg for docetaxel. 10, 26, 27 Toxicity Costs. There is very little published literature that explores the costs of toxicities in the context of metastatic prostate cancer. Therefore, multiple methods were used to derive cost estimates ( Table 2) .
The costs of treating grade 3 and grade 4 neutropenia (febrile and nonfebrile) were based on a published SEERMedicare database analysis in non-small cell lung cancer patients. 28 For all other grade 3 and grade 4 toxicities, management costs were determined by weighting the cost of inpatient and outpatient management. The inpatient costs were determined by claims data analysis of the Health Care Utilization Project (HCUP) Nationwide Inpatient Sample, which reports data from a national sample of more than 1,000 hospitals.
29 HCUP costs were inflated from 2009 to 2012 equivalents using the Consumer Price Index for medical care. 30 Outpatient costs were derived from a variety of sources. Costs related to outpatient management of anemia were based on a prospective, observational study of clinical practice of patients receiving erythropoiesis-stimulating agents and blood transfusions for chemotherapy-induced anemia. 31 Outpatient costs for the remaining toxicities were based on the common procedures and medications used to identify and treat the toxicity. Such procedures and medications were based on National Comprehensive Cancer Network (NCCN) treatment guidelines 32,33 and were supplemented with expert input when needed. Similarly, expert input defined the mix of patients treated in the inpatient or outpatient setting. The cost estimates for outpatient treatment of toxicities relied upon assumptions for medication costs using wholesale acquisition cost (WAC) from RedBook and procedure costs from Physicians' Fee & Coding Guide and CMS Physician Fee Schedule -National Payment Amount File CY 2012. [34] [35] [36] Total costs of treating toxicities for each treatment regimen are shown in Table 2 . A key assumption regarding toxicities is that treatment and cost are assumed to be the same regardless of the drug that caused the toxicity. Similarly, costs of treating toxicities are assumed not to change based on the perspective selected.
Model Analyses. The model calculates the health plan budget spent on treatments for mCRPC and includes costs for both active treatment (including administration) and costs for grade 3 and grade 4 toxicity management. Both incremental and absolute health plan costs are calculated from both perspectives. The results of the BIM output focus on cost PMPM and cost per member per year, which allow generalization to a variety of enduser scenarios with different inputs and assumptions.
■■ Results
For the commercial and commercial/Medicare scenarios outlined above, abiraterone has minimal budget impact. When added to health plan formularies, abiraterone takes market share primarily from cabazitaxel. The addition of abiraterone to health plans with commercial or commercial/Medicare perspectives increased the cost of active treatment but offset or reduced most of the increase by comparatively reducing costsassociated with treatment of toxicities. The cost offsets were primarily attributed to abiraterone's manageable safety profile. For the commercial perspective, the incremental PMPM cost ranged from $0.0019 in scenario 1 to $0.0133 in scenario 3. The average incremental cost PMPM over the 3 scenarios is $0.0085. 
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Incremental costs are shown in Table 4 . For the commercial/ Medicare perspective, the incremental PMPM ranged from $0.0026 in scenario 1 to $0.0176 in scenario 3. The average incremental PMPM cost over the 3 scenarios is $0.0112. Overall costs to the hypothetical health plan are shown in Table 5 .
Sensitivity Analyses
The model is sensitive to several parameters, including abiraterone treatment duration and cabazitaxel market share assumption. One-way sensitivity analyses highlight the parameters to which the model is most sensitive. The average incremental cost PMPM over the 3 scenarios is used to explore the results ( Figure 1 and Figure 2 ). Because abiraterone can be given until disease progression, the median treatment duration may not represent the full extent of abiraterone use. In sensitivity analysis of abiraterone treatment duration, the treatment duration was changed from 8 months to 12 months. This change had the biggest impact on model results. From the commercial perspective, the average incremental PMPM cost increased from $0.0085 for an 8-month treatment duration to $0.0472 for a 12-month treatment duration. From the commercial/Medicare perspective, the average incremental PMPM cost increased from $0.0112 for an 8-month treatment duration to $0.0499 for a 12-month treatment duration.
Cabazitaxel has a majority of the market share in the base case. To test the sensitivity of this value, the model decreases the market share of cabazitaxel from 66% to 50% and 40% separately. The market share taken from cabazitaxel is split evenly between prednisone monotherapy and mitoxantrone + prednisone. From the commercial perspective, the decrease of cabazitaxel market share to 50% and 40% increases the average incremental cost PMPM from $0.0085 to $0.0240 and $0.0336, respectively. From the commercial/Medicare perspective, the decrease of cabazitaxel market share to 50% and 40% increases the average incremental cost PMPM from $0.0112 to $0.0263 and $0.0356, respectively.
Other variables had little impact on the model results. Toxicity costs were lower for abiraterone than for most of the comparators treatments; therefore, when the costs of managing toxicities are excluded from the model, the average PMPM cost increases for abiraterone acetate. When drug costs are the only model input, the average incremental PMPM cost increases by a small amount for both perspectives (approximately $0.005). Varying the proportion of eligible patients by 25% fewer or 25% greater than the base case resulted in the PMPM ranging from $0.0068 to $0.0106 from the commercial perspective. From a commercial/Medicare perspective, the PMPM was $0.0090 to $0.0140 when the proportion of mCRPC cases was varied by 25%. Variations in body surface area (BSA) were also explored. The BSA reported in the abiraterone trial was 2.02 m 2 . A reduction in mean BSA of 0.215 m 2 , which is equivalent to 1 standard deviation in BSA in the abiraterone phase III clinical trial, had no effect on the budgetary impact from both perspectives, increasing the average PMPM cost by approximately $0.00002 from both perspectives. Finally, when increasing the uptake of abiraterone to 33% in scenario 1, 45% in scenario 2, and 60% in scenario 3, the average incremental PMPM cost increased $0.003 and $0.004 from the commercial and commercial/Medicare perspectives, respectively. 
TABLE 3
Drug Regimen Costs by Perspective have a minimal budget impact on health plans, increasing incremental PMPM costs an average of $0.0085 and $0.0112 over 3 annual market share scenarios from a commercial and commercial/Medicare perspective, respectively. The addition of abiraterone increases the costs of active drug treatment, in part because alternatives to abiraterone include relatively inexpensive generic products such as prednisone and mitoxantrone. However, these increased costs are partially offset as a result of the lower incidence of costly toxicities compared with other mCRPC treatments. The model is most sensitive to abiraterone ■■ Discussion Abiraterone provides significant survival benefits as compared to prednisone for mCRPC patients who have previously received docetaxel. 11 This study aimed to assist U.S. thirdparty payers in understanding the potential annual financial impact of introducing abiraterone acetate to health plan formularies through the use of a BIM. Due to the relatively small number of patients and the manageable safety profile of abiraterone, the model results suggest that abiraterone will 
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findings of the abiraterone BIM, the capecitabine/ixabepilone uptake was very small compared with the uptake assumption of abiraterone. Furthermore, adding erlotinib as a treatment option for second-and third-line treatment of advanced non-small cell lung cancer, where erlotinib was assumed to account for 30% of second-line treatment and 90% of thirdline treatment, resulted in an incremental cost PMPM of less than $0.010. 39 Similar to our analysis, the small incremental cost PMPM was driven by lower administration costs and lower costs of treating adverse events in the group of patients receiving erlotinib. The uptake of erlotinib was more similar to the base case uptake we assumed for abiraterone-8% in scenario 1 to 55% in scenario 3-and abiraterone resulted in a lower PMPM cost. Both of these publications asserted that the PMPM results indicated a low budget impact, suggesting that the abiraterone budget impact would also be low. treatment duration and the cabazitaxel market share assumptions. The impact of the latter assumptions is demonstrated by the observation that the more shares taken from cabazitaxel by abiraterone, the more cost offsets are realized by the plan.
There are no existing publications concerning budget impact results for mCRPC, making it difficult to interpret the model results in light of existing evidence. Budget impact results observed for therapies in second-line breast cancer and second-and third-line lung cancer provide the best proxies. For example, the addition of capecitabine to ixabepilone as a treatment option for treatment-refractory metastatic breast cancer resulted in an aggregated incremental cost PMPM of $0.005 in year 1 and $0.006 in years 2 and 3. 38 The minimal budget impact is driven primarily by the fact that the population eligible for ixabepilone treatment was very small (15 among a 1,000,000-person plan). While these results are similar to the 
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Given the limited nature of literature related to symptomatic mCRPC, data to inform the BIM presented here were limited, making the model subject to limitations. The calculated epidemiology estimates were derived from prostate cancer incidence reported in U.S. epidemiology statistics and disease progression data from published trials. If the population of mCRPC patients within the health plan population differs significantly from the derived patient population assumptions, the results of the BIM may not be accurate for that plan. The model does not include management costs such as physician visits and disease monitoring, which may vary by treatment given. While the abiraterone acetate prescribing information suggested liver function test monitoring, it is commonly recommended that patients on chemotherapy have regular complete blood count measures. 10 Therefore, it may be reasonable to assume that the disease monitoring cost of abiraterone acetate patients will have minimal or no budgetary impact as compared to monitoring for other chemotherapies. The main driver of results in the model were drug costs and market share.
The toxicity costs required significant inputs from experts to determine the percentage treated at inpatient and outpatient settings as well as outpatient procedures and medications. While expert opinion is not ideal, it is widely used in models when published data cannot be identified.
The initial model did not consider sipuleucel-T. However, sipuleucel-T is indicated for treatment of asymptomatic or minimally symptomatic mCRPC and not specifically for the more severe patients in the post-docetaxel disease spectrum. The model was developed prior to commercial availability of 25,41 which is significantly higher than the AWP less 13% of a 30-day supply of abiraterone in the current model, which is less than $6,000 (AWP less 13%). In a scenario where abiraterone acetate, a less costly treatment, takes market share from a more costly treatment such as enzalutamide, an overall more favorable PMPM would be realized assuming similar duration of therapy.
It should be noted that this BIM does not consider the clinical benefits of agents, as is usual for this type of model. Abiraterone, cabazitaxel, and enzalutamide have all demonstrated survival benefit. Cabazitaxel showed a 2.4-month survival benefit (hazard ratio [HR] for death: 0.70; P < 0.0001) over mitoxantrone + prednisone in mCRPC patients who had received prior docetaxel therapy. 9 A 3.9-to 4.6-month survival benefit (HR for death: 0.65 to 0.74; P < 0.0001) was observed for abiraterone + prednisone as compared with placebo + prednisone in mCRPC patients treated after failure on docetaxel at the 2 pre-planned analysis points. 11, 13 Enzalutamide showed a 4.8-month increase in survival benefit compared with placebo (HR 0.63; 95% confidence interval, 0.53 to 0.75; P < 0.001). 40 The BIM base case results represent the best approximation of the budgetary impact of abiraterone given the inputs available and assumptions explicitly listed. In addition, it is important to note that in light of the limitations of the present analysis, a further advantage of BIMs such as this is customizability. Inputs can be modified based on specific settings and as additional data become available. There are further strengths of the current analysis, notably the inclusion of a commercialonly and commercial/Medicare combined perspective. A 1998 study of economic impact of prostate cancer found that 47.3% of costs were paid by Medicare alone, making consideration of a Medicare population perspective critical. 42 
■■ Conclusions
The model results indicate that reimbursement for abiraterone for treatment of mCRPC patients who have received prior chemotherapy containing docetaxel may have a neutral impact on the budget of a U.S. health plan, given the relatively small size of the eligible population and its manageable safety profile. The sensitivity analyses addressing the components of uncertainty in the model show that the budgetary impact of abiraterone for these patients is likely low.
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